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In this study, the presence of humoral antibodies in man to cleavage-associated neoantigens has been demonstrated by primary antigen binding radioimmunochemical assays. Specific binding of radioiodinated human fibrinogen D fragment by serum immunoglobulins was demonstrated in 52 of 59 random normal human sera and was independent of immunoglobulin concentration. Binding was mediated by F(ab')2 fragments of IgG, and specificity for neoantigens was indicated by the capacity of the D fragment but not native fibrinogen to competitively inhibit the antibody. The population distribution of antibody to these cleavage-associated neoantigens indicated the presence of a major group of individuals (77%) with a mean antigen binding capacity of 11.8 pmol/ml serum. Two minor populations with: (a) low or undetectable binding capacities (<6.0 pmol/ml serum) and (b) exhibiting markedly elevated binding capacities (> 18.0 pmol/ml serum) were delineated. Independent of these features, sera could also be readily separated into two groups that differed with respect to relative antibody affinity. The antibodies in most sera exhibited marked heterogeneity of binding affinity, whereas a small group of sera contained antibodies exlhibiting relative homo- 
INTRODUCTION
The participation of protein molecules in biologic events may be associated with specific structural and conformational modification through processes intrinsic to activation or catabolism. Such structural alterations influence tlle antigenic expression of molecules, and may produce molecular species which are antigenically distinct from the native form of the precursor or native molecule (1) (2) (3) (4) (5) . When such structural changes are associated only with deletion of native antigenic expressions, immunologic tolerance of the host to the native form of the molecule should preclude specific immunologic responses to the antigenically deficient form. On the other hand, when new antigenic expressions are generated, these neoantigens may be recognized by the immune system, and elicit an immune response by the autologous host (6) (7) (8) (9) . Molecular derivatives may circulate transiently, be generated at low concentrations, or may not be tolerogenic. These circumstances may preclude effective induction and maintenance of specific immunological tolerance to neoantigenic determinants (10) .
The fibrinolytic pathway provides a model system to assess the immunologic response of man to the in vivo generation of neoantigens. The cleavage of fibrinogen or fibrin by plasmin leads to a series of defined fragments (11) (12) (13) , which exhibit structural and conformational modifications as well as the expression of specific cleavage-associated neoantigens not associated with the parent molecules (14) (15) (16) . Twro independent cryptic neoantigens have been demonstrated in this system utilizing heterologous immune responses; one is present in the C-terminal aspects (D region) (14, 15) and the second in the N-terminal region (E region) (16) . Cleavage fragments expressing these neoantigens are not present in the plasma of healthy adults at concentrations greater than 20 nM (15) (16) (17) . In a number of pathological conditions leading to the activation of plasminogen, cleavage fragments are generated (18) (19) (20) (21) (22) , and physical exercise (23) as well as forms of stress (24) mav also lead to increased levels of cleavage fragments. Because of the potential pathophysiologic manifestations of immune responses to the derivatives of fibrinogen and fibrin, we have examined the endogenous immune responses of normal individuals to tlle plasmin cleavage fragments of fibrinogen and fibrin.
METHODS
Cleavage fragments of fibrintogen antd fibrini. Fibrinogen and fibrin cleavage fragments, produced by plasmin, were isolated by molecular exclusion chromatography on 6%o beaded agarose (A-1.5, 200-400 mesh, Bio-Rad Laboratories, Richmond, Calif.) followed by anion exchange chromatography on DEAE-cellulose for fibrinogen fragment D (fg-D) 1 and fg-E. The characteristics of fragments as prepared in this laboratory have been previously described (15) (16) (17) , and each isolated fragment appeared to be homogeneous based on sedimentation velocity, molecular exclusion chromatography, immunoelectrophoresis, and polyacrylamide gel ellectrophoresis. Radioiodination with "2JI was performed according to the modified chloramine T method of McConahey and Dixon (25) 20 min at 1,800 g, and 0.5 ml of the supernate was removed and counted for -y emission at 22.5-55 keV. In each analysis, controls were included to permit correction for the trichloroacetic acid precipitability of the radioactivity. Results were expressed either: (a) in terms of the precent binding observed with a particular dilution of a serum or, alternatively, (b) as the antigen binding capacity of a particular serum (ABC) based on the dilution required to achieve 25% binding and then calculating the quaintity of fragment bound per milliliter of undiluted serum (26) . The coefficient of variation observed for the determination of the serum ABC was 8.6%, and there was no statistically significant difference in the ABC of plasma versus serum samples. Competitive inhibition slopes, observed upon the introduction of competing antigens in compartment two, were calculated as previously described (17) .
Statistical analyses. Analyses were performed according to Goldstein (27) sulfate at 4°C to a final 50%o saturation. The precipitate was recovered by centrifugation, dissolved in PBS, and reprecipitated at 50% saturation with ammonium sulfate two additional times. The precipitated gamma globulin fraction was exhaustively dialyzed against PBS. 7S fractions were prepared by molecular exclusion chromatography on a 2.5 X 85-cm column of Sephadex G-200 in PBS and the second peak containing IgG was retained for analysis. F(ab') 2 fragments were prepared from the 7S IgG fraction by pepsin cleavage for 18 h at 37°C in 0.05 M sodium chloride, 0.07 M sodium acetate, pH 5.0, at a pepsin: protein ratio of 1:100 (30) . After exhaustive dialysis, the extent of cleavage and identity of the isolated F(ab')2 fragments was confirmed by analytical acrylamide gel electrophoresis in the presence of sodium dodecyl sulfate as described by Weber and Osborn (31) .
Antisera. Antisera specific for IgG, IgM, or IgA were prepared by immunization of goats with purified immunoglobulins. Each antiserum was rendered specific for the appropriate immunoglobulin heavy chain by absorption with other immunoglobulin classes. Serum immunoglobulin levels were quantitated by single radial diffusion (32) utilizing a reference serum (Meloy Laboratories Inc., Springfield, Va.) as a standard. Antisera to human C3 and a1-antitrypsin were prepared in goats and rabbits, respectively, by utilizing the purified proteins (33, 34) as immunogens. All antisera gave single precipitin lines by gel diffusion and immunoelectrophoresis and exhibited identity with reference antigens and antisera by Ouchterlony gel double diffusion.
Assay of fibrinogen degradation products. Fibrinogenrelated antigens in serum were quantitated by radial diffusion techniques (15) . Sera containing fibrinogen-related antigens utilized in this study were collected from patients with diseases commonly associated with circulating fibrinogen/fibrin degradation products including: meningococcemia, metastatic carcinoma, gram-negative septacemia, and obstetrical complications. The presence of fibrinogen degradation products in these sera was also confirmed by a latex agglutination test (Thrombo-Welcotest, Burroughs Welcome & Co., Greenville, N. C.).
RESULTS
Recognition of the binding of cleavage fragments by normal humtan sera. The presence of humoral antibody with specificity for fibrinogen cleavage fragments was examined with primary binding radioimmunochemical assays. Fg-D was used as the prototype cleavage fragment. In the system employed, dilutions of test sera were incubated with 'I-fg-D. Soluble complexes of antibody and 'I-fg-D were then precipitated by polyvalent antiserum to human immunoglobulins. Binding of 'I-fg-D was observed with 52 of 59 (88%) of normal sera. Characteristic binding profiles for five selected sera are illustrated in Fig. 1 ; and dependence of binding on serum dilution is evident. At t dilutions of the sera, binding of 'I-fg-D varied from 42 to 18%; and with dilution of each serum, binding is proportional to the logio concentrations of serum. Differences in the binding characteristics of individual sera are indicated not only by the variations in the absolute binding capacity but also by differences in the slopes of the binding profiles upon dilution of the sera. (Table I) . Correlation coefficients of less than 0.07 were calculated for the association between the observed binding and the concentration of IgG, IgM, IgA, or total immunoglobulin.
Second, the possibility that low concentrations of fg-D might bind indiscriminantly to all immune complexes is negated by the absence of significant binding by unre- (Table II) . ITminiune comnplexes were generated by the addition of antiserum to the third component of complement and/or at-antitrypsin. Although these reactions produced similar quantities of precipitate as obtained with the anti-immunoglobulin serum, coprecipitation of 1251-fg-D is not observed.
Third, the binding of fg-D does not appear to reflect denaturation during radioiodination. As showns-in Table  III, addition of (Table V) ; and the arithmetic sum of antibody by the individual classes of immunoglobulin agree well with the total antibody. In no serum was the antibody confined to a single immunoglobulin class; and in the majority of sera, antibody was found in all three major classes. Four of the ten sera contained antibody of only two immunoglobulin classes; and an example lacking antibody of each class is found.
Clonal heterogeneity of antibody to fg-D. The clonal heterogeneity of the antibody responses to fg-D were analyzed by reference to the slope of competitive inhibition assays (35, 36) is indicative of relative clonal homogeneity by reference to binding affinity, whereas the shallower slope indicates significant heterogeneity evident by differences between clones of antibodies in respect to binding affinity (35, 36) . The patterns generated by these two sera are representative of the two patter-ns observed among 10 sera whiclh have been analyzed (Table VI) Correlation coefficients of greater tllan 0.80 w,vere ob-served in all cases. The strength of correlation was P < 0.01 by a two-tailed t test of significance as summarized in Table VIII . Although there are individual differences in specificities of the antibodies found in individual sera, indicative of antigenic differences between these fragments and differences in specificity or affinity of antibody, there is a significant trend toward relative binding of different fragments to a comparable degree. Neutralization of autoantibody to cleavage fragments in vivo. The presence of antibodies to the cleavage fragments in vivo was explored in sera from individuals in which spontaneous fibrinolysis had occurred in vivo, and cleavage fragments could be detected in the serum samples. The results indicated in Table IX , namely the absence of binding of fg-D, are consistent with neutralization of antibodies by the cleavage fragments generated in vivo.
DISCUSSION
Sera from normal adults contains antibodies specific for the cleavage fragments of fibrinogen. The participation of specific antibody is indicated by (a) the specificity of the precipitation phase of the assay system for immunoglobulin (b) the association of binding with the isolated immunoglobulin fractions, and (c) the retention of binding activity by isolated F(ab')2 fragments. Antibody specificity is demonstrated by the capacity to bind fg-X, fg-Y, fg-D, and fb-D but not intact fibrinogen or fg-E. In concert, these observations are consistent with an immune response to a cleavage-associated neoantigen in the D region of fibrinogen, a determinant(s) not expressed by the parent fibrinogen molecule but generated by plasmin cleavage. In this respect, the presence of antibodies to cleavage-associated neoantigens of fibrinogen is analogous to the presence of antibodies with specificity for pepsin-or papain-cleaved IgG in the sera of most adults (6) (7) (8) and the recognized specificity of rheumatoid factor for IgG (37) that is modified by physiological interaction with specific antigen (38) . The ubiquitous nature of the antibody response to the cleavage fragments of fibrinogen is also similar to the response of man to antigens of myelin in which 88% of normal adults possess antibody with this specificity (39) . In characterizing the immune response to the cleavage fragments of fibrinogen, heterogeneity and the presence of distinct subpopulations were noted with respect to antibody concentration, affinity, and class. Within the panel of 59 sera, three distinct subpopulations in terms of ABC were recognized. The normal population exhibited a mean ABC of 11.8 pmol of fg-D bound/ml of serum. On the assumption that one molecule of IgG is bound to each fg-D molecule at the 25% binding level, a mean concentration of 2 ,Ag/ml of specific antibody is present in this population. The other two populations consisted of individuals with either low or elevated levels of specific antibody. Whether these populations, hyporesponsive or hyperresponsive, respectively, arise from differences in genetically determined immune responsiveness (40) or, alternatively, reflect neutralization of antibody by low levels of antigens in the case of hyporesponders and stimulation of antibody synthesis by exposure to antigen in the case of hyperresponders remains conjectural.
The heterogeneity of antibody affinity observed in most sera and the participation of multiple heavy-chain classes of antibody is consistent with a polyclonal immune response to the cleavage fragments. Although cross-reactions among monoclonal antibody responses to individual cleavage fragments could be hypothetically considered, these observations are most readily explained by the presence of multiple clones of antibody molecules varying in the strticture of both their variable and constant regions.
In comparing the antibody content and specificity of the sera, there is a significant correlation between the qualitative capacity to bind fg-D and the capacity to bind other cleavage fragments containing a D region, namely, fg-X and fg-Y and fb-D. It might be hypothesized that anitibody molecules regardless of the particular fragments serving to elicite the immune responses may also bind other cleavage fragments, but to a quantitatively different extent. In this case, such differences in the apparent antibody concentration for each fragment might reflect differences in the local conformation and the structure of the particular neoantigenic determinanit(s) associated with each fragment (41) . Alternatively, subsets of antibody specific for neoalntigens uniique to each individual fragmenit may exist so that the differences in the mean ABC for each fragment may reflect true differences in antibody concentrations. Regardless of whether differences in the ABC for the various fragments reflects antibody specificity or affinity, the series of fg-X > fg-Y fg-D exhibits an interesting parallel with the cleavage process. Fg-X is the first major derivative resulting from the cleavage of fibrinogen by plasma (12) , and more antibody reactive with this fragment is present. The process need not proceed beyond the generation of fg-X so that less fg-Y and fg-D may be generated (42) . The products. These early derivatives may contain moderatel-degraded alpha chainls of fibrinogen, but extensive cleavage of the beta chain appears to be confined to pathological circumstances. In this respect expression of the determiniants recognized by both the autologous and heterologous responses may be contingent upon cleavage of the beta chain.
In sera containing intermediate or terminal cleavage fragmelnts, antibodies to the fragments were not detected. Althouglh tlis observation is consistent with the neutralization of specific antibodies by these fragmeints, formation of immlilune complexes remains to be directly establislhed. In some diseases such as cryoglobulinemia and glomerulonieplhritis, immunioglobulins are associated with fibrinogen-related material (44) (45) (46) . The possibility must be considered that this association may, in part, reflect specific inmmune complex formation. The interaction of the antibody with the cleavage fragments may have antithetical effects. It may be benieficial in neuitralizing the physiologic activities of the cleavage fragmenits (47, 48) or in accelerating their clearance from the circulation. Suclh responses may also possess patlhogenetic potential in leading to localized immunological reactions at the sites of fibrinolvsis and also to the formation of circtulating immune complexes and the diseases mediated by their deposition. Although the physiological and pathogenetic imiiplications remain to be established, the existelnce of this response provides anotlher example of the complex interactioins of mediation systems such as tlle coagulation, fibrinolytic, and immune svstems.
